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THE  CLECTROCHKHISTRY  OF  POLY ACETYLENE:  APPLICATION 

IN  HtCH  POWER  DENSITY  RECHARGEABLE  BATTERIES: 

by  A.  G.  HacOlarold.  K.  Aldlssl,  t.  B.  X«ner« 

H.  Maxfield  and  R.  J»  T<aattone 
Departvkent  of  Cheats  try 
Cnlveralcy  of  Pennsylvania 
Philadelphia.  Pennsylvania  19104 

The  face  that  (CH)^  flla  can  be  oxidised  and 
reduced  la  reversible  elect rochealcal  reactions 
■a'Aes  it  an  incerestlnx  jsatertal  to  study  as  a  poten* 
dally  useful  electroactive  material. 

(1)  rechargeable  BATTERIES  USING  (CH)^  FILM  AS 

ELFCT^OES^ 

Four  chief  type  of  batteries  employing 

(CH)jj  electrodes  have  been  studied: 

(1)  p'doped  (CH)^  cathode  plus  Ll  anode. 

(2)  neutral  (CH)^  cathode  plus  Li  anode. 

(3)  p-doped  (CH)^  cathode  plus  n-doped  (CH),^ 
anode. 

(4)  neutral  (CH),^  cathode  plus  n-doped  (CH),i 
anode. 

In  so  far  as  overall  performance  is  concerned 
type  (4)  above  is  the  best  all^polyoer  cell  so  far 
d*?ve loped.  Since  both  neutral  and  reduced  (CH)^ 
have  good  stahlllty  in  an  electrolyte  of  IH  LICIO4 
In  tetrahydrofuran  a  voltaic  cell  can  be  constructed 
using  as  the  cathode  and  (Cil'^)  as  the  anode* 

During  diachar^^e  the  (CITY)  gives  op  an  electron 
to  the  (CH)jj  producing  the  net  overall  reaction: 

lu* 

where  Ll  acts  as  the  counter  cation  to  stabilize 
tie  polycarhanlon  species.  A  cell  of  this  type 
using  elect rochemtcalty  reduced  (CU),^  for  the 
anode  and  neutral  for  the  cathode  has  a 

potential  of  l.OV  and  a  short  circuit  current  of 
of  3mA/ca^  of  (C^)w«  cells  shows  excellent 

stability,  losing  only  **  0.02V  during  s  six  month 
period.  They  are  fully  rechargeable  with  c^lomble 
efficiencies  >99t.  They  are  the  first  stable, 
rechargeable  batteries  developed  in  which  both  the 
cathode  and  anode  active  materials  are  organic 
polymers . 


porAted  during  the  doping  process*  However,  very 
recently  the  experiment  was  repeated  (at  a  smaller 
voltage)  end  siallae  results  were  obtained.  The 
aon~aqueous  electrochemistry  of  (CH)^  been 

extended  to  another  system  as  described  below. 

A  piece  of  ^  co)  *  piece 

of  Pt  foil  were  placed  la  e  satureted  solution 
0.5N  NaAsF^  in  50(  aqueous  HP.  The  (CH),^  was 
attached  to  the  positive  electrode  and  the  Pt  to 
the  negative  electrode  respectively  of  a  d.c.  power 
supply.  A  constant  potential  of  l.OV  was  applied 
between  the  electrodes  for  30  minutes  and  the  film 
was  then  washed  In  50Z  HF  end  pumped  In  the  vacuum 
system  for  18  hours*  In  several  different  experl'- 
ments,  carried  out  under  slightly  different  con¬ 
ditions,  flexible,  golden  films  having  good  evetal- 
11c  conductivity  (ca.  10  to  100  were 

obtained.  It  was  most  surprising  to  find  that  the 
films  contained  co  oxygen.  The  P  content  varied 
from  one  preparation  to  another,  e.g.  {CR'*^*026 
^^^5.r^0.026*x»  <C+H+A8+F  -  100. 2X)  and 

y  ^0>029^x*  (^^'*‘'^s+F*  100. 3X). 

The  nature  of  the  dopant  species  and  the  cause 
of  the  variable  F  content  Is  currently  Wing 
investigated.  It  la  believed  that  the  dopant 
probably  consists  of  a  mixture  of  the  (AsF^)' 
and  (AsF^)**  ions*  The  fact  that  (^)j(  can  be 
doped  to  the  metallic  regime  either  with  iodine  or 
with  arsenic-fluorine  species  without  the  inclusion 
of  oxygen  la  most  surprising  in  view  of  the  fact 
that  pooped  Is  believed  to  consist  of 

polycarbonlum  Ions.  It  is  possible  that  the  ex¬ 
tent  of  delocalization  of  the  positive  charge  Is 
GO  great  that,  at  least  in  certain  cases,  nucleo¬ 
philic  attack  of  the  positive  carbon  atocs  by 
water  does  not  occur.  Whatever  the  reason  for 
the  unexpected  stability,  these  observations 
open  up  a  whole  new  area  of  aqueous  chemistry 
for  conducting  polymers* 

The  present  results  suggest  that  etcctrochem- 
cal  studies  not  only  of  (CH)^  but  also  of  other 
conducting  palyners  represent  an  extensive  area 
for  further  research  not  only  of  fundamental 
scientific  Interest  but  also  of  possible  potential 
technolo.Tical  value. 
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(2)  AQUEiJtJS  ELECTK^HEMISTRY  OF  (CH), 

When  t  r  an  a  -(ChT,,  film  is  p-doped  l.e,  oxidized 
by  bromine,  arsenic  pentaf luortde,  etc.  Its  conduc¬ 
tivity  increases  by  C£.  eight  orders  of  magnitude 
end  it  is  converted  to  en  "organic  metal"  having  all 
the  electronic  properties  of  a  conventional  metal. 

All  surh  p-doped  material  1%,  however,  decomposed 
by  water.  Until  the  present  study  was  undertaken 
the  only  apparent  exception  to  this  water  instsbllity 
Involved  the  electrochemical  p-doplng  of  a  piece  of 
film  when  It  was  placed  in  an  aqueous  O.SM 
aoluclon  of  KI  and  was  attached  to  the  positive 
terminal  of  g  9V  dry  cell,  Che  other  terminal  being 
etterhed  to  a  platinum  counter  electrode  Iminersed 
In  the  solution.  Doping  took  place  in  a  few  minutes 
to  give  h.ivl ng  a  conduct i\’ity  In  the 

metslltc  r.*glme.'  The  sum  of  the  elemental  analyses 
fur  C,  H,  and  I  was  99. 6Z.  This  showed  that  no 
reaction  with  wafer,  to  incorporate  oxygen  into  the 
(CH)^  had  taken  pUice.  As  time  proceeded,  we 
began  to  believe  that  the  analysis  must  have  been  In 
error,  and  that  oxygen  surely  must  have  been  Incor- 
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